Ten-a and Ten-m are the two Drosophila members of the newly discovered Ten-m family of dimeric type II transmembrane proteins. Here, we report complete cDNA cloning and protein expression patterns of Ten-a. The Ten-a protein, a dimeric receptor of about 500 kDa is mainly expressed on axons of the embryonic central nervous system and on muscle attachment sites. q
Results and discussion
Recently, a new family of proteins, the Ten-m family, has been discovered. Members of this family were first described in Drosophila and Caenorhabditis elegans, then subsequently in mouse, chicken and zebrafish (Baumgartner and Chiquet-Ehrismann, 1993; Baumgartner et al., 1994; Levine et al., 1994; Oohashi et al., 1999; Minet et al., 1999; Mieda et al., 1999; Rubin et al., 1999; Ben-Zur et al., 2000) . All members show homology to the extracellular matrix molecule tenascin. Recent investigations, however, put them into a family of their own (Oohashi et al., 1999) . All members of the family are putative dimeric type II transmembrane proteins of about 2600-3000 amino acids in length. One hundred and fifty to four hundred amino acids after the N-terminus, short stretches of hydrophobic amino acid residues characteristic for type II transmembrane proteins can be seen. The N-terminal 150-400 amino acid region constitutes the cytosolic domain of the protein. About 200 amino acids after the transmembrane region, usually eight tenascin-type EGF-like repeats are observed (Pearson et al., 1988) . Due to the lack of one cysteine residue in repeat 2 and 5, respectively, it has been proposed that these two EGF repeats can provide the basis for dimer formation by establishing intermolecular disulfide bonds (Oohashi et al., 1999) . The 200-aminoacid long linker region, between the transmembrane domain and the EGF-like repeats, contains a putative cleavage site that is conserved in all mouse Ten-m proteins and in Drosophila Ten-m and Ten-a proteins ( Fig. 1 ; Oohashi et al., 1999) . Immediately after the EGF-like repeats there is a short region rich in cysteines which are also highly conserved between all members of the family, termed the CC domain (Baumgartner et al., 1994) . More recently, it has been found that the large extracellular domain also harbors several short amino acid repeats similar to the rearrangement hot spot (rhs) elements of Escherichia coli and to a wall-associated protein (WAP) of Bacillus subtilis (Minet et al., 1999) .
Since only a partial sequence of ten-a was previously determined (cDT17.4; Baumgartner and Chiquet-Ehrismann, 1993) , the availability of a 3 0 cDNA clone of ten-a (LD20608, Fig. 1A ) prompted us to apply a polymerase chain reaction (PCR)-based cDNA cloning strategy to amplify a clone (Marathon-cDNA, Fig. 1A ) spanning a 4.2 kb gap between the two clones. This allowed us to determine the complete amino acid sequence of ten-a (Fig. 1B) . Drosophila Ten-a and the previously reported Ten-m show a high degree of homology with each other, with 54% identity and 70% similarity across the entire protein (Baumgartner et al., 1994) . The expression pattern of the Ten-a protein was determined using anti-Ten-a antibodies. Ten-a protein is first detected at stage 12 in groups of neurons ( Fig. 2A) . A closer inspection reveals the presence of the protein on pioneering axons and some cell bodies (Fig. 2J ). Slightly later, at stage 12/3 (Klämbt et al., 1991) , expression becomes stronger (Fig. 2B) . At stage 13, strong staining can be seen on commissures with the posterior commissure showing more pronounced staining (Fig. 2C,K) . The hindgut also expresses Ten-a protein (Fig. 2C) . At stage 14, staining is prominent on axons of the CNS and the brain (Fig. 2D-F) , the muscle attachment sites (Fig. 2F,M) , gastric cecae (Fig.  2F , arrowheads) and on structures of the antennomaxillary complex (Fig. 2F,H) . At stage 16, staining is most prominent on the CNS (Fig. 2G) with the posterior commissure still exhibiting stronger expression than that of the anterior commissure (Fig. 2L) . Strong expression is also seen on the nerve of abdominal segment a9, na9 ( Fig. 2I ; CamposOrtega and Hartenstein, 1997) . This nerve makes a sharp turn to extend along the lateral hindgut wall (arrowhead). During later stages, no specific expression pattern was detected in imaginal discs and in the larval CNS, apart from low ubiquitous expression (data not shown).
Western analysis shows that Ten-a protein migrates as a 300 kDa protein under reduced condition (Fig. 2O ). Under Fig. 1 . Genomic structure and sequence of the ten-a gene. (A) The chromosomal region of 110 kb surrounding the ten-a gene is shown and mapped with respect to two sequence contigs, AE003488 and AE003489. Underneath, the intron/exon structure of the ten-a gene is shown. A total of 15 exons are observed. (B) The amino acid sequence of the Ten-a protein is shown. Special domains appear boxed and are denoted on the left-hand side. The transmembrane domain appears in bold and a putative dibasic cleavage site appears in bold and in italic. Two tyrosine residues within the EGF region are in bold and underlined to denote replacement of two cysteine residues. These replacements are shown to be conserved between all members of the ten-m family of proteins (Oohashi et al., 1999) . CD, cytoplasmic domain; EGF, epidermal growth factor region; CC, C-rich domain; YD, YD domain.
non-reduced condition a band of about 550-600 kDa is visible (Fig. 2N ) which suggests the formation of dimers. Most likely, the cysteine residues within the two EGF repeats which harbor an odd number of cysteine residues (Fig. 1B) are responsible for disulfide bridge formation between two Ten-a molecules. As dimerization has also been observed in vertebrate Ten-m molecules (Oohashi et al., 1999) it suggests a structural conservation of members of this family from invertebrates to mammals.
Experimental procedures

Molecular cloning of ten-a
Primers derived from two clones harboring the 5 0 terminal part (cDT17.4) and the 3 0 terminal part (LD20608) of ten-a were used to amplify a 4.2 kb fragment (MarathoncDNA, Fig. 1A ) from a 6-12 h cDNA library made using the Marathon kit (Clonetech). 
Generation of anti-Ten-a antibodies
A 2.3-kb EcoRI fragment from cDT17.4 (Fig. 1 ) was expressed in bacteria, the fusion protein was cut out from an agarose gel, and the eluted fusion protein was injected into rabbits. Antibodies were affinity-purified. The specificity of the antibodies was tested on Df (1) HF368 embryos. This deficiency removes the ten-a locus.
Western blotting
Proteins from total extracts of 6-18-h embryos were separated on 5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto nylon membranes. Blots were probed with anti-Ten-a polyclonal antibodies which were detected with a horseradish peroxidase-conjugated secondary antibody. The position of the 800 kDa band was determined using EHS laminin as a marker protein.
Embryo staining
Wild-type embryos, fixed in 4% formaldehyde, were stained with affinity-purified anti-Ten-a antibodies at a dilution of 1:200. Primary antibodies were detected using horseradish peroxidase-conjugated secondary antibodies (Vector Laboratories).
